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(54) mw<D%m .. yt^m^^ms^sm^ 



(57) [SJKl] 

IMfc^Wt] »3ttt**R 1 0 1 tfSJH 1 W £® i 5 i nxT 
%\ W±ffit>tj-|B]i-5|g2CD=£Sl 5 2£WL^ltf>± 
ffil 5 1 ±kl*flrtfc4N»flci 0 2*s«JB£;h,fc3te¥*#: 
10tfc5o 1 2 ©±I 1 5 2 <D'>)S'< t 

■So -. 
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[*ftfrff#©t5H] ■ s : - 

[it ntm. ii. aaeawaoi) i ©±e usDat** 

1 <D±Wbtt"ft i f-i>'W2 ©±ffi(152) Sr^L^ 1 ©£® 

(l5i)'±K:»Mfe¥iMKi02) 3^fRJB * *T,fc**MM«H-T" 

(110)T**)oTs 

SffffiSB 2 ©±E(152) ©'>fc < i fc— Wis KvX$*Sr 
3 ttSKM* (104) T-fe 5 i t £#$C t f Sft^SM* 

~7 r r ► ■ , 

Jo * • * * 

[ft*«2 ] SfnE^k***i*:(102)^a3ttt*tE(101) 

[lf*«3 ] (301) i?» 1 O^B(351)»^SI5 

1 ©iffii »ftir6««2 ©£ffi(352) fc*U|5 1 ©±35 

(35i)iica^b«r*s»#(302);^a»Sixfc**i9fl£* : f- 

(3io)t**>ot. 

HtrfE-@5ttt««(301) ©^2 ©±ffi(352) *S*B^(30 
4)Sr*-t"5i:*K:fiE*ffi^tt-(304)±H, t ^31 

^b***#(302) ©«*«**l,< ttS3ttt**£BW-f 
5Klt«<3O0)- £ 5 

Jo ' i ..... . .• . 

[»#* 4 ] i§}fctta« (ioi) ±fcSMt«fe*N*flE (102) tf* 

^^^(no)©sajg*fet?foo-c, 

MIEM'fkfe^*^ ( 1 02) «J1 ffifll i: *t Gl "I" 5 SttttSS 

©»mm> b wia^b*iNr# (102) k it l * t (10 

IMEiMB (103) ©»^»fciWEa3tttS«(l0l) ©Xffitill 
^rWe-TS r. i T-ftffi^(104) Sr^-TSXSli: . 
buK«SB (103) ft o * jl/n— (100) £#gf -f 4 

[0 6 0 i'-i J'rv> ? - • r '• 

Sf L D (Laser Diode) : » }fc;fe -^(MEfe* f 

[0002], 

l'4*&ffi) Mimfm^ ( i nxG a yA 1 i-x-yN, 
0 S'XV O^Yx X + Y^ 1 ); (i^fis©/^ K=¥-Y y 

t> <o fa h jf^v > t) ©* t?n* jf£j$-f 5 r. t *s -c t 

Eb^-LD'. (Laser Diode) t LT#M&$*Vt^5o 



(2) 

[0 0 0 31 i©J:5<C»b*^*flcSr*JfflUfciNrflt 
[0004] 1^7t-< tf^/P^C if fon/i 

ir^^t-^V^KT'feSo ^(Otclb, GaAs^GaP 

4 m©¥^ t !9 l>o#* 

[0 0 0 5] i O i 5 ^Jt^ftJUf ©-« t LT L E 
D^i/y©M3t*feSrl216 (A) ~ (D) Sr^v^r* 
20 fo El 6 (A) l:Ut77^7SS6 0 1±(CAlN/i 

iUft<GaN, SttSiUKlnGaN, pS 
^7? KSt LT«S< Ga A 1 N, pfay^^ 
Lti< G a Ni!»I$Hfci«^ft6 0 2Mp 
1X0 n yf-l/trtt if \z «t K> mm &^tz.'& 

\z£VMl&£tl1ZWM6 2 0, 6 2 1 SrWf-StilJ&i: b 
T ^3t^—Sr»J*-t" 5 (B9 6 (A) ) . Ik 
{C, ff#|>x^-tLEDf77i L-T©7Ct ^fd^ 
f«.t-5*6 0i3^H'*-{r c t,«9^*.5.;(|l|6. 
so (B) ) . »6 0 3©jSffi{^^^ 7^7*7-< 0 4 £• 
Atb5 (El 6 (C) ) „ X77^7'7^>6 0 4l:ifio 

atrfrv^^fraK^e 1 o&mm-tz, (0 6 

(D) ) . ^ 5 LT^$H7t^#^^-6 1 0©=S- 
[00 0 6] 

[0 0 0 7] 

0 1^1 ©iffil 5 lSt/Ml ©±ffii:M[*]t-5^2 
©iffi 1 5 2 1 ©±ffi 1 5 1 jcKmtm^w 

so 10 2^«S*ixfc3t i i fc 3W**-7-l 1 0T*fo?>o #1-, 
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3 

% 2 <D±m 152 < t visx&smct 
[0008] *&m<on 2 kiiaiWDjtiMW**^ 

lis £<k#J¥*g# 10 2 isa*tt»S 10 1±tnSf 

(6^ p S^Sp MB 1 2 0Sr#i"5o 

[0 0 0 9] #3gPJI?5«5fcJS 3 tlElftoatiNMWR^ 
tt, SftttStS 301«!I1 ©£® 3 5 1 fttf* 1 <0± 
ffi t 2 £>±ffi 3 5 2 Lgf 1 <£>±Bo 3 5 1 

,±tc^k#j^^3 o 2&&mzfrit%¥m&m=i-3 1 

SttttSlK 3 0 1 Of 2 <0±m 3 5 2 

■ ammj&w.3 o 4£^r-r 5.t#f-ft®^3 o.4_h};i, 

< t *>*ft*¥*#: 3 0 2 ©3§}fcifcft;g L< 

[0 0 10] *3B9B©8l*qi4Kia<K**i/*:3fei| t »{«R 
^-Ogiii^r&f*, jSftttStS 10 1 J-fctt-fktt^Mlfr 1 
0 2 as^S S^/n— 10 0 &##J VXBf& 

-fZft^m&^l 1 0©»Jt*jfe-C*>S. fl*fc, ^(b 

a»fctfrfEg'fb4& i £8M£ 1,0 2 KitL&WfglS 

jsJi-f SXSfc» 0 3 <»Mmk \zM% l &£M 1 0 1 
©<ffiffiSSrW0i-5 r b -CftEJ&tfc 10 4 Sr^^-f 51 
St. SfgB 1.0 3l:ieotfffi:^x^-l 0 0&#Pt 

[001 l ] *^M©1S*^5 fc:fE« $ ftfcft^frSi 

. ...[0 0 1 2].. 

n t £ turn bfc t <nxh 5 0 

[0 0 13] ;^Ktt*fl:*¥*fr^*l$fcttffl^Sj3 
*3t*Jffl«ia|sSrl6]±S*fc<>©-C*>*. Sfc/Sft:** 

v±ft<DmffimftZfflWte.z<Bf8.x*%zz.b\c£'om 

[0 0 14] IP*>, [216 (D) 0£ 9 6 

%\±mmM&*mw.Jjtowwtt£^x^zz.bh&> v ) , 



(3) 

[0015] *^bj»40 2 cd^d < ,• yt^mfcB+om®. 

SffiflSSr*®^ 2 0 4tLT is^X%}%:&$ftc1rZ b 
\££ *).¥&#m2 0 2-C|g?tUTa®f-[6ld»o^5t<oeS 
**S«tSrKff«i*J:<3t4r»!jtf"^. *^f±» gffifflll 

[0 0 1 6] #389§ttEll©*n 

l ooi^»|^i l po^WBfjC'Kffl.-t-^^gB 
1 0 3 Srf ijffl-f 5 r. b iz X <Q mm&£ < JiJfiO*^* 

^m-Wt^- 1 o o^#JB#tc:^ffl-t-5S)ttt*4£ l o 
1 izigtf- btifrmU 10 3 5r5f«-rs r b K X t) gfl© 

bmzmm&*hft±i' ; !>z>h<DX'hz> a sxt*?&w<d 

20 [0 0 17] mftifrfi LtMWtIi, XSfi9^9Fff 

i *) m v >-xteVt b & o fcf- 7 r << Tatsro^a±(c 

G a SSr?F^$ii:5c ^?7r-l±l: 

nSGaNA^iS^y?^ h« v TV I nGa 

N*»fe/j:5*)tJg v plAl GaNA^^S^? K 
« y P lGaN35»?)453^^hSSrS[I$*5rt 

[0018] IH#I^ S3t*^-i L-CAffWfctt, S® 

so GaN©^y7T-I5rM$*5. ^y77~S±© 
nlGa N»C— tt<OttftWM*tel8.Z-& : Z> Z b\c£ Q ft 

[0019] C*****^ 110, 210, 310, 
4 10, 5 10) ★^WOft^tta^-ttt&ftiSX* 
10 1 ±\Z&4kVo!£mfc ( I n X G a yA 1 i-x-yN, 0 
^X, 0^Y, X+Y^l) 10 2«^Hfct©t 

foo^tfi^ir Lxmmi-z>o mm*miti o 2 

^fe$ii:fcGaN, A 1 N, Ga A 1 

JHtyfc&?& S.-frSfcfetdfi, Si, G e , C, Ti4 
: b'cDnW^nyo* h'-zfZ&ZZ.bKXVM&Z-eZZ. 

[ 0:0 2 0];.j|* > Htfeff#,ttpS^«fti: W"^M 
so <gv Z,n, B.e,'|Ca, S r Rt^B. a Sr K— 7* Lfcfctf 
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5 

-*?«: p mt vm \ w&Wi p m*m& t -r 5 * \z a 

pSSPFM#J&- K-7*L;fcf£, 4 0 0 £ C:£Lh©?&KT*T = 

-a-, p i n^, P nn&ttat-tzz. tKxy&ftm 
[002 u z.<D£otem.im¥m&*w>&LZ^z> : &®. 

[0022] yt^m&m* no n^^^fr^^i^N 

- 1 0 0 cDjSftttg^ 10 1 IcfggB 1 0 3 &Mf$.£ittc 
u-lF-^^^-fciflcJ: i^W^ • 7^ 
>- 1 0 5 LKMc X V ftm-tZ Z k XMrftfrZ Z 

td5X'#5o L'feii-sT, itS10 3O^ttuyX^i 
**^Tt-5a3ttt»R*Bfl9 1 5 2©EftffiJ(M**:«riSU 
feft"bJ:^L > »SB 1 0 3 Srfijffl ^ 1 1 

[00 2 3] »gj5 103 Srfljffl LTiI»« 104^1 

1 1 0Sr*j***5rt*s-e#5. 

[ o o 2 4 ] 'm%>&.mmMm 1 5 2^© uvxs6*sr* 

t5*I10 4J:l4, 5SftttS& 1 0 1 <DM&<D&m$i 
[0 0 2 5] 3t¥-2»#3ii^- 110 ©jSftttg&tfS I'VX so 

0 &*©Ea*fc kicmmum-tz z k % a ^©fc 

$ -& s r k \z x v mmmtm < * v ^bwik 

1 2 0^^*03ffiV^Bjm®3 2 0 £ LTt>flJffl-t-£ 

[0 0 2 6] 3fc¥«#iSt^3 10, 41 0© [ft 35^4*3 

0 4©±{^J?Jc£*X.3KttJBl3 0 9< 4 0 9 iLTf4, 40 

«t<Slti-5tWT-*3tvfiJ:< , = 

£*>-?#*„ 

[0 0 2 7] (*fc*i|**f**:=^-fc#J**;h,fc*tt 

1 0 3, 303, 503, 513) ^fffi ffiffiij 1 5 

1 kttfa-tz>myt&&m%m&i 5 2 1 0 

2te»LfcV>flWlSl 0 3te, WBlz X V il3t't4Ste 1 0 
l©Kffi(£fii)®l 0 4£7F2/&£-tt3- iKWfli 

i o 3 ©'>&< k h-totemzmikvo^mitv^ so 



5 

-1 OO^blftWi^l 1 Old^tl^-eSfc© 

[0 0 2 8] ^iPJK^Tgft'ttSS 1 0 1 tclStt 
tltzffi& 10 3 HfftE^tft 10 4 Sr^$-fr5fc*«C t> 
fll^-T^r t^-C#So ftffi^l o 4temvb 

tizmu i o 3 (Dmm^mucom^ \z x v ®m-r% z t 

[0 0 2 9 ] -ftttttfctt, «BSrRl>J:'5»-?ffS**T 

fit) <0**£«r«teS*S£itJ:9W»a£E#*fc 
5. *gB:W*f-©gB# (fiiSB) J&T*SB©MWIS: 

ait. mMomtm^ (a&&mm&^<) 

[0030] rttfefi^Ky ^>if\zx^>mmmt)^\z 
xvm*±czk%z.bti$tc#>mM<om, rmkir^ 

i o TS?tti«« © ft ffi SrBFfS^ »A ^ * 5 r k T* 

<o&m*mm<DmmMmzMi8 l £i£z>z\k&x*%z>o 3 

^>«R^±^ if a* ©Sffi5r1»^;-r ^ r. i *5T*t 3, 

[0 0 3 1 ] ^^-^J:9»«BJS:^$*5*e-tt:, 
flISProffliJS 1 5frb 3 5 /im*S*F^ L< , J;f9»^U< 
(42 0^fe2 5 nmXhZ* 1 5 M mi V » OtS^S?< 

*<*9*att!4SJB</j:-5 0 ^fc, ^fls^^s-©^ 

¥?S-t-^#J^-li: ; 5fcfeiC2 0 /im£i±>JS»^ LV\ f& 

3 O^fe 1 0 0 /imOfEiartTfJI?^— -e&5-t^$f 

[0 0 3 2] flt§B©tgSr«t t)/h$< d>o^<^$-&5 
fcfctcfi u— tf-'-jpzBSMc: J;t)t77^ TIS^^ f ^ 

~T-1iWlMk\^X\X, YAGW-f-, i^f->-7l/- 

z,k&X-%Z>o C02i/-f-'-ttm7:Srr&]±$-e: 
- Jilt ffi offset 7 ^ - Srai-C k if »c J; t) KP3 

[0 0 3 3] l-— !f-*PI«Uc«t 9»»Sr3»J«*-er5» 



7 

-frtt u-#~fi?JtSS g Sr»» fc ft v > bfiSW § 

[0 0 3 4] KB^*J6»»3R«r*-t"afi«*: 

<o»EKEWl 5 2frh¥MWJS 1 0 2Kl.U'4v*»: 
1 0 3SrH£j«U *<oa^ffl?^>-©Kffifl!ll 5 2 

srwe-r 5 r.- t k i 9 urn i o 3 

[0 0 3 5] SftttXK 1 0 1 <DWmn¥Ui£'?^- 

©Srffl^iri 4 L < 3 m m*s J: 5 b 

HJ£^J(O^^PH^ $ .jh,5 t> <DX*te v > i i tern 5 S "C t> 

v><> . 
[0 0 3 6] 

[JISS^J] 2 0 0 umXhWcftZtl 

fc^:7 x ^ T SrSftttXS 1 Oli: LM.OC VDjfeSr/8 
V*T*ft»*3Mfc 1. 0. 2 SiirSte«>¥3># 
-100 *r»rit**fc. »btt¥8**tt*IR«r#« bfc- 
.fHcjfciNllflE*-?' i i o t:fc,5^)ti^t UTl< i 5. 

^iUTNH 3 (T^^T) TMG (hi)* 

[0037] Wc, TMG^OgEASrJtfefc^, 
gt^lSS: 1' 1 5 Otlciifflt/NHa (T>^*~ 
T) TMG^, K-^h^t.LtSiH4 

tK-X y> nS^^^ hJf i LTi< ff $$J4 m mOG 

[0 0 3 8] glftB f4, fi, ^rtDT^^i: 

Rjcsnotaje* 8 o ov,\z.%& uk. m*$* t it 

NH 3 (.T^*=T) TMG^> TMJ (M 

^^vW >^*i0 StJ 5 ^^ y 7Jf*k bTTK^^^Sr 
8lti""r. iKU:0J|[S<ft3 nmC7^K-^I n G a Nl 

[0 0 3 9] SttJB±K^7s/.-b-JBSr^*'e:.5fc»JS 
»^©«^.5rf»JtLR«*l4©a**: 10 5 Otlif 

TMA (MJ^f;V7^^!>^) TMG^, 



[0 0 4 0]* *afc v Rffi3£«<Dtak«r 1 0 5 0 ° c ^ 
^tgfi^i:lTNH3 VT.^^T) U*. TMG 
K—^^h^t UTC P2Mg^S^t y 

£#*J0. 5M.mpGaNl^«iftfc.(ftt\ pSi 

<5o ) o 

[0 04 1] 1 0 0 JC, R I E (Reacti 

ve Ion. Etching) WotSftfef i*Sffiil 5 1 

— 1.0 OSrj-BV^So- fcfc, atyf-^^Wfcp n&^*# 

20 nitil 21t LT&JS®Stf 5 *^S'* y ■X^ffit-.t 
Qm&£1nX\i*Z>o.1f7 7'<.T&m&&l 5- 2 

fc?> (@1- v (A) ) o ' 

[0042] mj&t$tvtimikm¥mit<?^-i oo<d 

' . ^yr-frmm i o i Sri o o umi-eflfii/felk, ¥ 

2g-i$r>zn^— 1 0 0O-^^T^TS1Sl 0 USffiffifll 5 

30 [0 0 4 3] KBHBR3 Q, OOOrpm, M 

itS 3 mm/ s e c t?^T— ^«r»»$*S - t J: 5 
f77^ 0 1 <D&mz1$jfo2 5 Mm, ^$^2 

0 MmCD*Sr^^-^^^ffMb«a5.1 0 3 k 

So SWBi o 3tt»b»-iNt#^^>--i o lo-^^r 

^n\^j&^tix^v^^tiifi^(om^yt^^ 

•7-1 1 0 3 0 0 Mm«O^Sl:)P/J*S*Tfc5 

(HI (B) ) . 

[0 0 4 4] jSklc, ^BWItafcWBffli.ttS^WtS 

40 3 MnKD^Vny K • .^5 y Srfflt N Tt77^7iS 
■ ©gffiflll 5 2^WBSrm\ w^ffl?rt5ftBi 
*1 0 4K»J*i-« (01 (C) ) o 
[0 0 4 5] ,¥»*?x/w l 0 0 SrS5fe^, *ffi?^tt 

J: 5 5^ ^10 5 *^t5 (Ell 

.(E)).- 

[0.0 4 6] JtgBl'O 3i:»oto-7- (^0) 
£ 5 WfltftMt,- a^*^.'?^^- 10 0 Sr^Sff^ 
mirZ^k&XZiiA&r (E) ) o 
bo [0,0 4 7] EJUiOj;5.fcLT, ajtttStEdSu^xa 
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Sf^-1 10 t ttLEDf'^y^t^Iim 

So 

[0 0 4 8] lOLEDf y7 p Ol${?i]S:gl2(:^t 0 

^^HfBWi LT«mtt-<-^ h 2 0 6"e*)8Agtt 
»JB«rJB^T3t$y£R2 0 8±Oii2 0 7Clftt 
5o a#1±MR2 0 1 ©Jiffi«K^LfcftffiJBtt2 0 
4#l/yXt LT»fgbft¥«#«T-2 1 
%)ttm*jmtteZ>o *fc/AuSrJiHBlT?it«S*«r 
tfcJ: ««ft^»t5paiffi2 2 0(^SW*5rS 

36* fejftttl * titc%>yt$i$: fc p 2 2 0 L$J^ 

•7^FW2 0 6<D£ik&&5<*Zt&-*imt%:Z>e 
[0 0 4 9] 2 0 9 i©3t*tt4« 

7^y7 0 2«jji5rt^^ o gp^ ^^^>r 

[0 0 5 0] (HJSM2) ff $ 2 0 0 j/m-efc<9gfc#$ 
ixfc*7.r^TSrJt3tttK«3 01 t LMOC.VDj££ 

ffl^tiftte^*3 o 2 *mmz j £mm4mi£'}^ 

^-300 tr»j***fc. -WMfc^iMfr-a o 2 fijgfttt 

x«3 o i t^HMufcaK^^^-tffcsajtsR^ 

3ioilti<J:-5#MiLt)«S*fco *i\ 
5 1 0°C(d*5V>T^^^ir UTNH 3 (T^^T) 
TMG (hy^f;^y ^i.) #7ftWt!l7 

[0 0 5 1 ] TMG#;*(OffiA&ifc«>fcflL 
gfOfiSS: 115 0°Clc^fS^NH 3 (TV^x 
T) TMG^, K— '<fhtfxt UTS i H4 

[0052] JSttJite, —a, y TlfxcD&t 

NH3 (7^=7) TMGtf*. TMI (M 



[0 0 5 3] iStSJftiifc:*?* K»Sr»J«**afc»JW 
»^Oi^^ffjhURJ68lttoja*'Sr 1 0 5 ottft 
^Lfcm, jjfC^^i: UTNH3 (T^^e^T) 
TMA (HJ^f^7;W^-?A) TMG^, 

K^yh^tLTCp 2 Mg {is? a <<^# 

^?*s$J») tfxRXf*-Y})T#xtLX;'frm*rx$: 
JSbpS?^7 y h*Mt LTJ?£**|0. 1/zm^GaAl 

[0 0 5 4] -ftSfc, EJSafillOllftSr 105 O^Cfdjffi 
10 .ftvm&lfxt LTNH3 (7^7) TMG 

K-^y t ttc P2M g ^swt y 

TiS^t LT^fSf^x^LpM^^ hg.i: LTJ? 
$&J0. 5/*m<DGa*NJl£^/£;*i*:fc (4*5, pit 

So ) o 

[0 0 5 5] ^mfc*?^^— 3 0 R I E ; (React i 

ve Ion Etching) \Z £ o ttftft^^ft^il 
®M3 5 l*»feaMB3»S»ril$tb5U-7T-'f 7Sfit^ 
#S^©ai*rS*T^-/^^^L^^^^^ffi3 2 0£r 

!>x^-3 0 0Srfflt^ o &*>\ xLy^-^ymzp n# 



2 0MnlSS3 2 1 £ y V^ffi 

fc«fc3Jgjfc*ftT1^5o *»#SH!|jJ^pIt«3 2 
OSr^LTTtSr^t) W^-fc«>pgym®3 2 0£)ff^£A 
u£ 1 0 0 0ty^ hD-Atf<M$tt*)5 
(0 3 (A) ) o 

[00 5 6] zo'uxm^fit^m^mw^^- 

30 3 0 0(0^7 7 4 7SS3 0 1 Sr 1 0 O^raStifl 
fcflL x/>- 3 0 0 Of 7 7 TSftlffiffl 3 

5 2 tf±\zf£ 5 J: 0 fczk¥*fiifc: § — 

[0 0 5 7] ^1 — K[sHEft3 0, 0 0 0 r p m. ttlW 
S$3mm/ s e c T^-r — i^Sr^ft 5 i £ *d «fc 9 
^Vr^TWfcZ 0 l©jSffifc«j|ft2 5 /*m, g££$)2 

0 ^ mO«?r( Ligp 3 0 3 t 

So 8tSB3 0 3f±, jcy>— 3 0 OCD^-yy^T 

MfcMM%\3 5 2^ba5tx. 7 fy^i3 3 0 iJG&sf 

1 0 i453 0 0 MmS^ TJ)5 (El 

3 (B) ) o 

[0 0 5 8] Jfcte, ^SiStt Itffl i ft 5 ?iSl3|StS 
3 Mm^^t^yK ■ y ^t>Tt7r^7ii 
3 0 1 (OgffifIi|3 5 2<DW**ft^a*tt2MR3 01^ 
^yXM^tt5*M^3 0 4*»«t5. 

[0 0 5 9] 3 0 0 X^IK* 

ffit-J: 9 A 1 COKI4-K3 0 9 SrKtett^Stftfrai/N— 
XS^S2:43S%ttXttXaE{H!l3 5 2±tcM^-TS 

50 (0 3 (C) ) 0 
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[ 0 0 6 0 J 3 0 9 AMU 3 0 3 <D& 

mcu— f-m%\z±*>m£ sumcyN^ • 74 ^ 

3 0 5Sr^i"5 (H3. (D) ) . 

[0 0 6 1] .ftfc. fllSB3 0.3fcfBoT*P*Sra»»tfco 

5*fT-3 lOt'feUEDf y/e^^tS (03 
(E) ) . 

[0 0 6 2] «SB3 0 3, 7^7-(^'7'fy305O 
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(57)Abstract: 

PROBLEM TO BE SOLVED: To mass produce photosemiconductor devices, 
while enhancing utiliza tion efficiency of light by depositing a nitride 
semiconductor on a first major surface of a translucent substrate and 
employing a curved shape exhibiting lens effect, at least partially in a second 
major surface facing the first major surface. 

SOLUTION: A plurality of insular nitride semiconductor layers 102 are formed 
on a semiconductor wafer 100 by forming an etching face 130 from the 
surface side 151 of the nitride semiconductor until the boundary face to a 
sapphire substrate 101 for making a trench 103 is exposed. After the 
sapphire substrate 101 has been polished, the nitride semiconductor wafer 
100 is secured onto a table being freely derivable in the horizontal direction, 
with the rear side 152 of the sapphire substrate 101 directed upwards. Next, 
trenches 103 are made vertically and horizontally in the bottom face of the 
sapphire substrate 101 substantially uniformly. Finally, the rear side 152 of 
the sapphire substrate 101 is polished using a single side polishing machine 
and abrasive to form a curved shape 104 exhibiting lens effect. 




L D O. 



J 31 



1ft I 



LEGAL STATUS 

[Date of request for examination] 28.03.2000 
[Date of sending the examiner s decision of rejection] 20.05.2002 

* 

[Kind of final disposal of application other than the 
examiners decision of rejection or application converted 
registration] 

[Date of final disposal for application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiners decision 
of rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 

- 1 - 



3362836 

25.10.2002 

2002-11056 

1 9.06.2002 



* NOTICES * \ ; 
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CLAIMS . 



[Claim(s)] 

[Claim 1] The OPTO semiconductor device characterized by for a translucency substrate (101) being 
- the OPTO semiconductor device (110) with which it has the 1st principal plane (151) and the 1st 

principal plane, and the 2nd principal plane (152) that counters, and the laminating of the nitride semi- 
. conductor (102) was carried out on the lst principal plane (151), and being the curved-surface 
configuration (104) in which said a part of 2nd principal plane [ at least ] (152) has the lens 
effectiveness. . 4 ..- .r: » 

[Claim 2] The OPTO semiconductor device according to claim 1 which has p mold electrode (1 20) with 
which nontranspareh^' nature or permeability touches a low p type semiconductor to luminescence 
wavelength or light-receiving wavelength at least while the laminating of said nitride semi-conductor 

(102) is carried but with the n-type semiconductor and the p type semiconductor on the translucency 
substrate (101). 

[Claim 3] It is the OPTO semiconductor device (310) with which a translucency substrate (301) has the 
1st principal plane (351) and the 1st principal plane, and the 2nd principal plarie (352) that counters, and 
the laminating of the nitride semi-conductor (302) was carried out on the 1st principal plarie (351). The 
OPTO semiconductor device characterised by having the reflective film (309) which reflects 'the* 
luminescence wavelength or light-receiving wavelength of a nitride semi-conductor (302) at' least on this 
curved-surface configuration (304) while the 2nd principal plane (352) of said translucehcy^substrate 
(301) has a curved-surface configuration (304). ' " 

[Claim 4] It is the manufacture approach of an OPTO semiconductor device (110) that a nitride semi- 
conductor (102) divides and forms the semi-conductor wafer (100) by which the laminating was carried 
out on a translucency substrate (101). The process which forms the slot (103) which does not reach 
said nitride semi-conductor (102) from the rear-face side of the translucency substrate which counters 
said nitride semi-conductor (102) laminating side side, The manufacture approach of the OPTO . 
semiconductor device characterized by having the process which forms a curved-surface configuration 
(104) by grinding the rear-face side of said translucency substrate (101) after formation of said slot 

(103) , and the process which separates a semi-conductor wafer (100) along said slot (103) 1 [claim 5] The 
manufacture approach of an OPTO semiconductor device that formation of said slot (103) was indicated 
by claim 4 by laser radiation. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach which can form the OPTO 
semiconductor device of the Takamitsu use effectiveness and this which have a nitride semi-conductor 
with sufficient mass-production nature especially on a translucency substrate with respect to the 
OPTO semiconductor device used for short wavelength LED, short wavelength LD (Laser Diode), a 
photosensor, a solar battery, etc. 
[0002] 

[Description of the Prior Art] The band gap of a semi-conductor can form variously a nitride semi- 
- conductor (InXGa YA1 1 -X-YN, 0 <=X, 0<=Y, X+Y<=1) from a narrow thing to a large thing. Therefore, 

promising ** is carried out from blue or an ultraviolet region as LED which has luminescence wavelength 
r in orange, or LD (Laser Diode). Moreover, a solar battery with high photosensor and electromotive force 

which harnessed the property of the nitride semi-conductor which can be driven also at an elevated 

temperature is mentioned as an OPTO semiconductor device. 

[0003] since it is difficult for the semiconductor device using such a nitride semi-conductor to make a 
single crystal form with sufficient mass-production nature — a sapphire [ with a refractive index as high 
as about 1.8, and critical usually small angle of refraction ], and spinel substrate top — MOCVD — the 
laminating of the nitride semi-conductor must be carried out using law etc. 

[0004] The nitride semi-conductor by which a laminating is carried out to sapphire, a spinel, etc. is 
hetero-epi structure, a nitride semi-conductor — silicon on sapphire etc. — lattice constant irregular 
** — coefficient of thermal expansion also differs greatly. Silicon on sapphire has the crystal structure 
of hexagonal system, and does not have the property top cleavage. Furthermore, it is the matter with 
Mohs hardness very as hard [ sapphire and a nitride semi-conductor ] as about 9. Therefore, unlike 
other semi-conductors, such as GaAs and GaP, a substrate and the semi-conductor layer itself are 
hard. Moreover, since it is hetero-epi structure, it cannot be made to form in various configurations 
easily, either. When the substrate itself furthermore has insulation, there is much constraint by the side 
of a semi-conductor layer. 

[0005] The manufacture approach of an LED chip is shown using drawing 6 (A) - (D) as an example of 
such an OPTO semiconductor device. The buffer layer which made AIN etc. form at low temperature on 
silicon on sapphire 601 at drawing 6 (A), GaN which works as an n mold contact layer, InGaN which 
works as a barrier layer, GaAIN which works as a p mold cladding layer, The semi-conductor wafer 
considered as the configuration which has the electrodes 620 and 621 formed after GaN which works as 
a p mold contact layer exposed the nitride semi-conductor 602, p mold, and the n-type semiconductor 
by which the laminating was carried out by etching etc. is formed ( drawing 6 (A)). Next, the slot 603 
which divides a semi-conductor wafer into the magnitude as an LED chip is formed by the dicer 
( drawing 6 (B)). The scribe line 604 is put into the base of a slot 603 ( drawing 6 (C)). Along the scribe 
line 604, with a roller etc., a pressure is applied, a semi-conductor wafer is separated and OPTO 
semiconductor device 610 is manufactured ( drawing 6 (D)). In this way, the LED chip with which the 
light and the ultraviolet region of short wavelength can comparatively emit light can be formed by 
supplying power to each electrode of formed OPTO semiconductor device 610. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in current [ which is asked for OPTO 
semiconductor devices such as a light emitting device with more high luminous efficiency, and a photo 
detector with high sensibility with high or conversion efficiency, ], the OPTO semiconductor device of 
the above-mentioned configuration is not enough, and development of the OPTO semiconductor device 
which was more excellent in the property is called for. Therefore, this invention is to offer an OPTO 
semiconductor device with high efficiency for light utilization with sufficient mass-production nature. 
[0007] 
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[Means for Solving the Problem] This invention is OPTO semiconductor device 110 with which the 
translucency substrate 101 has the 1st principal plane 151 and the 1st principal plane, and the 2nd 
principal plane 152 that counters, and the laminating of the nitride semi-conductor 102 was carried out 
on the 1st principal plane 151. Especially, a part of 2nd principal plane [ at least ] 152 serves as the 
curved-surface configuration 104 which has the lens effectiveness. 

[0008] The OPTO semiconductor device of this invention according to claim 2 has p mold electrode 120 
with which nontransparent nature or permeability touches a low p type semiconductor to luminescence 
wavelength or light-receiving wavelength at least while the laminating of the nitride semi-conductor 102 
is carried out with the n-type semiconductor and the p type semiconductor on the translucency 
substrate 101. 

[0009] The OPTO semiconductor device of this invention according to claim 3 is OPTO semiconductor 
device 310 with which the translucency substrate 301 has the 1st principal plane 351 and the 1st 
- principal plane, and the 2nd principal plane 352 that counters, and the laminating of the nitride semi- 
conductor 302 was carried out on the 1st principal plane 351. While the 2nd principal plane 352 of the 
translucency substrate 301 has the curved-surface configuration 304 especially, the reflective film 309 
which reflects the luminescence wavelength or light-receiving wavelength of the nitride semi-conductor 
302 at least on the curved-surface configuration 304 is formed. 

[0010] The manufacture approach of the OPTO semiconductor device indicated by claim 4 of this 
invention is the manufacture approach of OPTO semiconductor device 110 that the nitride semi- 
conductor 102 divides and forms the semi-conductor wafer 100 by which the laminating was carried out 
on the translucency substrate 101. It is the manufacture approach of having the process which forms 
the slot 103 which does not reach said nitride semi-conductor 102 from the rear^ace side of the 
translucency substrate which counters a nitride semi-conductor 102 laminating side side especially, the 
process which forms the curved-surface configuration 104 by grinding the rear-face side of the 
translucency substrate 101 after formation of a slot 103, and the process which separates the semi- 
conductor wafer 100 along a slot 103. 

[001 1] The manufacture approach of the OPTO semiconductor device indicated by claim 5 of this 

invention uses laser radiation for formation of a slot 103. 

[0012] 

[Embodiment of the Invention] this invention person came to accomplish header this invention for the 
ability of an OPTO semiconductor device with high efficiency for light utilization to be formed by making 
into a specific configuration the translucency substrate with which the laminating of the nitride semi- 
conductor was carried out as a result of various experiments. Moreover,, it also finds out that the OPTO 
semiconductor device which had an above-mentioned specific configuration with sufficient mass- 
production nature comparatively simply can be formed only by adding a polish process at the time of 
OPTO semiconductor device formation. 

[0013] By processing into a curved-surface configuration the translucency substrate used at the time of 
nitride semi-conductor formation, this invention makes the light confined in the interior of an OPTO 
semiconductor device emit outside efficiently, and raises efficiency for light utilization. Moreover, the 
high nitride semiconductor device of mass-production nature can be formed by the ability forming an 
above-mentioned curved-surface configuration with a sufficient controllability by using the slot formed 
at the time of nitride semi-conductor wafer division. 

[0014] That is, in the configuration of the light emitting device which is OPTO semiconductor device 610 
like drawing 6 (D), a part of luminescence wavelength which emitted light in the nitride semi-conductor 
layer goes also to a substrate rear-face side. Since the substrate configuration is an abbreviation 
rectangular parallelepiped configuration, such light causes critical angle reflection within a substrate, and 
light does not leave them in the exterior of a nitride semiconductor device. Even if emitted outside, 
there are some which produce absorption loss within a substrate. Similarly, by the photo detector, it is 
thought that total reflection etc. is carried out and the light from the outside cannot be absorbing 
efficiently in a nitride semi-conductor layer. 

[0015] Like drawing 2 , by giving the lens effectiveness by making the substrate rear-face side of an 
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OPTO semiconductor device into the curved-surface configuration 204, this invention prevents critical 
angle reflection of the light which emitted light in the semi-conductor layer 202, and went to the rear 
face, and takes out light efficiently. Or the critical angle reflection of light-receiving wavelength which is 
going to carry out incidence is protected from a rear-face side, and it makes it possible to condense 
efficiently and to incorporate. That is, a critical angle refractive index is enlarged by changing the 
configuration of the translucency substrate 201, and efficiency. for light utilization is raised. 
[0016] Moreover, this invention can form above-mentioned OPTO semiconductor device 110 with 
sufficient mass-production nature like drawing 1 by using the slot 103 used from the semi-conductor 
wafer 100 at the time of division of OPTO semiconductor device 110. That is, while also being able to 
make the desired curved-surface configuration 104 form with a sufficient controllability by grinding the 
slot 103 established in the translucency substrate 101 used at the time of semi-conductor wafer 100 
division, mass-production nature may also be improved. The example of a configuration of this invention 
is shown below. 

[0017] A rear-face side makes the buffer layer of GaN specifically as a light emitting device form on the 
front face of the silicon on sapphire which became a concave lens configuration by polish. There is 
optical diffusibility and light emitting diode with high efficiency for light utilization can be made to form 
on a buffer layer by carrying out the laminating of the contact layer which consists of an n mold GaN, 
the luminous layer which consists of undoping InGaN, the cladding layer which consists of a p mold 
AIGaN, and the contact layer which consists of a p mold GaN. 

[0018] A rear-face side makes the buffer layer of GaN similarly specifically as a photo detector form on 
the front face of the spinel substrate of a convex lens configuration by polish. A photosensor with high 
photosensitivity can also be made to form by making the counterelectrode of a pair form in the n mold 
GaN on a buffer layer. Hereafter, the configuration of this invention is explained in full detail. 
[0019] (OPTO semiconductor devices 110, 210, 310, 410, and 510) The nitride semi-conductor 
(InXGaYAI1-X-YN, 0 <=X, 0<=Y, X+Y<=1) 102 is formed on the translucency substrate 101, and it 
functions as the OPTO semiconductor device of this invention as an optoelectric transducer, the nitride 
semi-conductor 102 — a translucency substrate top — MOGVD — law and HVPE — it can be made to 
form using law The crystallinity of the nitride semi-conductor made to form on it can be raised more by 
using buffer layers made to form at low temperature on a translucency substrate, such as GaN, AIN, and 
GaAIN. If a nitride semi-conductor remains as it is and is made to form, it can form a semi-conductor 
with n-type conduction nature. In order to consider as a n-type semiconductor with desired resistivity 
etc., it can be made to form by making n mold impurities, such as Si, germanium, C, and Ti, dope. 
[0020] On the other hand, it is hard to form a nitride semi-conductor only by doping Mg, Zn, Be, calcium, 
Sr, and Ba as a p mold impurity into p mold, low — or it carries out annealing at the temperature of 400 
degrees C or more, p mold can be made to form by carrying out electron beam irradiation, after doping p 
mold impurity, in order to consider as a p type semiconductor [ **** ] It can be made to form as a light 
emitting device or a photo detector by carrying out two or more laminatings of the nitride semi- 
conductor to p mold, i mold, and n mold by request, and considering as the Schottky barrier, MIS 
junction, PIN junction, pn junction, etc. 

[0021] As a substrate in which such a nitride semi-conductor is made to form, although silicon carbide, 
gallium nitride, a zinc oxide, sapphire, a spinel, etc. are mentioned, sapphire and the spinel which are a 
translucency insulating substrate in consideration of mass-production nature and the crystallinity of the 
nitride semi-conductor made to form after that are desirable. 

[0022] After OPTO semiconductor device 110 makes a slot 103 form in the translucency substrate 101 
of the nitride semi-conductor wafer 100, it can be formed by forming Blake Rhine 105 with laser, a 
scriber, etc., and dividing according to external force. Therefore, after formation of a slot 103 forms the 
curved-surface configuration of translucency substrate rear-face side 152 which has the lens 
effectiveness, and it can also be formed using a slot 103. [ formation ] 

[0023] When making the curved-surface configuration 104 form using a slot 103, OPTO semiconductor 
device 110 of this invention can be made to form with sufficient mass-production nature simply. 
[0024] In the curved surface 104 which has the lens effectiveness by the side of the translucency 
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substrate rear face 152, only the edge of the translucency substrate 101 may curve, it may observe 
from a substrate side, a frameless square and a frameless rectangle may be formed, and circular 
[ remarkable ], an ellipse form, etc. are sufficient as the lens effectiveness. Moreover, what does the 
lens effectiveness so can choose a convex lens configuration, a concave lens configuration, etc. 
variously. 

[0025] When the translucency substrate of OPTO semiconductor device 110 has the lens effectiveness, 
especially the electrode 120 of OPTO semiconductor device 110 can be used effectively for reflection 
of light etc. Therefore, various metallic oxides, such as gold, aluminum, platinum, various alloys, and [TO, 
can be chosen as the electrode material of an OPTO semiconductor device. When it is made to form 
with a metal, it can use by making the thickness adjust also as the reflective film 120 with high 
reflexibility with low permeability, or a transparent electrode 320 with high permeability. 
[0026] The light which receives light as reflective film 309 and 409 formed on the curved-surface 
- configuration 304 of OPTO semiconductor devices 310 and 410 or the nitride semi-conductor 302 emits 
light can also be made to form by others, an alloy, and dielectric multilayers that what is necessary is 
just what is reflected efficiently. [ metals /, such as gold, silver, copper, and aluminum, ] 
[0027] (Slots 103, 303, 503, and 513 formed in the nitride semi-conductor wafer) The slot 103 which 
does not reach the semi-conductor layer 102 from semi-conductor laminating side side 151 and the 
translucency substrate side rear face 152 which counters is used for making a curved surface 104 form 
in the rear face of the translucency substrate 101 by polish. A part of slot [ at least ] 103 can be 
suitably used, in order to make it divide into the nitride semiconductor device 110 from the nitride semi- 
conductor wafer 100 behind. 

[0028] The slot 103 established in the translucency substrate 101 in this invention can be used also in 
order to make the curved-surface configuration 1 04 form. Especially the curved-surface configuration 
104 is controllable by spacing of the slot 103 prepared, or the depth of a slot. 

[0029] Even if it makes a rear face grind similarly, the magnitude of parts other than a slot (heights) is 
fixed, or it changes the width of face of a slot, the width of face of a slot is fixed and, specifically, polish 
rates differ by changing the magnitude of parts other than a slot (heights). The width of face of parts 
other than a slot (heights) is fixed, and it is in the inclination for a polish rate to become quick, so that it 
will become large, if spacing of a slot is made large. Moreover, selectivity is excellent although the polish 
efficiency of heights falls like the width of face of a slot being narrow (a heights pulse duty factor being 
high). The width of face of a slot is fixed similarly, and the more the magnitude of parts other than a slot 
(heights) becomes small, the more it is in the inclination for a polish rate to become quick. 
[0030] Since it is thought that a difference produces these according to the polishing pressure force 
distribution by polishing, the curved surface of a translucency substrate can be made to form in a 
request with the width of face, spacing, and the depth of a slot. The curved surface of a translucency 
substrate can be made to form in a desired curved-surface configuration by magnitude, the depth, etc. 
of a slot, and polish. As a curved-surface configuration of a translucency substrate, a convex lens 
configuration and a concave lens configuration are mentioned. Moreover, various curved surfaces, such 
as a **** perfect circle configuration and ellipse form top, can consist of luminescence observation side 
sides. 

[0031] When making a slot form by the dicer, 15 to 35 micrometers has the desirable width of face of a 
slot, and it is 20 to 25 micrometers more preferably. When the width of face of a slot becomes narrow 
from 15 micrometers, blurring of the edge of a blade of a dicer is in the inclination which is hard to form 
in homogeneity greatly. Moreover, the more the width of face of a slot is large, the number of the nitride 
semiconductor devices which can be divided from a semi-conductor wafer decreases, and, the more 
mass-production nature worsens. Moreover, the depth of the slot used for separation of a semi- 
conductor wafer has desirable 20 micrometers or more, in order for an end face to make a semi- 
conductor wafer divide flat and smooth. As for especially a slot, it is desirable that spacing of the base 
and the front face by the side of a semi-conductor laminating side is almost uniform within the limits of 
30 to 100 micrometers. 

[0032] In order to make the width of face of a slot form smaller and deeply, a slot can be made to form 
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in silicon on sapphire or a spinel substrate with a laser beam machine. As such a laser beam machine, an 
YAG laser, an excimer laser, and a C02 laser can use suitably. There is little deterioration of heat and 
especially an YAG laser can form a slot. Moreover, since a C02 laser can raise an output, it comes size 
and is excellent in formation of inside ** and the twist trench section. Desired configurations, such as 
the shape of the shape of the shape of a perfect circle and an ellipse or a rectangle, can also be made 
to adjust the configuration of the laser radiation side irradiated by the laser beam machine by letting a 
filter pass etc. 

[0033] When making a slot form with a laser beam machine, only the laser to which laser radiation 
equipment itself may be moved and which is irradiated can be scanned by a mirror etc., and a slot can 
also be made to form. Furthermore, the slot of the desired depth can be made to form in a request in 
every direction by making the stage holding a semi-conductor wafer drive variously horizontally. 
[0034] (Polish) When a cross-section configuration grinds the substrate in which a rectangle 
configuration is shown, it becomes the configuration from which especially polish of the edge part of a 
rectangle configuration advances, and the angle fell. The slot 103 which does not reach the semi- 
conductor layer 102 from substrate rear-face side of semi-conductor wafer 100 152 is formed, and the 
curved-surface configuration 104 is formed in parts for the translucency substrate flesh-side surface 
part other than slot 103 by grinding rear-face side 152 of a semi-conductor wafer after that. 
[0035] Polish of the translucency substrate 101 can apply fixed pressurization to the semi-conductor 
wafer 100, and can be performed using a slurry. Although various things are mentioned to the slurry 
used for polish, a silica, a diamond, etc. are mentioned suitably. Since the width of face and the depth of 
a slot like **** have a limit, in order to make the curved surface of a translucency substrate form when 
using a slot for division of a semi-conductor wafer, it is desirable to use a thing 6 micrometers or less 
for the mean particle diameter of an abrasive grain, and the mean particle diameter of 3 micrometers is 
more desirable. It cannot be overemphasized that it is not what is hereafter limited only to this example 
although the concrete example of this invention is explained in full detail. 
[0036] 

[Example] (Example 1) The sapphire which is 200 micrometers in thickness and was washed was used as 
the translucency substrate 101, the laminating of the nitride semi-conductor 102 was carried out using 
the MOCVD method, and the nitride semi-conductor wafer 100 was made to form. After a nitride semi- 
conductor divided a substrate, it was made to form as multilayers so that it may work as a light emitting 
device which is OPTO semiconductor device 110. First, GaN which works as a buffer layer with a 
thickness of about 200A was made to form by pouring the hydrogen gas which is NH3 (ammonia) gas, 
TMG (trimethylgallium) gas, and carrier gas as material gas in 510 degrees C. 
[0037] Next, after stopping the inflow of TMG gas, the GaN layer with a thickness of about 4 
micrometers which works as an n mold contact layer was made to form by mentioning the temperature 
of a reactor to 1150 degrees C, pouring SiH4 (silane) gas as NH3 (ammonia) gas, TMG gas, and dopant 
gas, and pouring hydrogen gas as carrier gas again. 

[0038] The barrier layer made the undoping InGaN layer with a thickness of about 3nm deposit by 
considering only as carrier gas, once holding the temperature of a reactor at 800 degrees C, and pouring 
hydrogen gas as material gas the back as NH3 (ammonia) gas, TMG gas, TMI (trimethylindium), and 
carrier gas. 

[0039] In order to make a cladding layer form on a barrier layer, after suspending the inflow of material 
gas and holding the temperature of a reactor at 1050 degrees C, hydrogen gas was formed as Cp2Mg 
(cyclo PENTAJIERUMAGUSHIUMU) gas and carrier gas, and the GaAIN layer with a thickness of about 
0.1 micrometers was made to form as a sink p mold cladding layer as material gas as NH3 (ammonia) gas, 
TMA (trimethylaluminum) gas, TMG gas, and dopant gas. 

[0040] The temperature of a reactor is maintained at 1050 degrees C, hydrogen gas is formed as Cp2Mg 
gas and carrier gas, and the GaN layer with a thickness of about 0.5 micrometers was made to form as a 
sink p mold contact layer as NH3 (ammonia) gas, TMG gas, and dopant gas as material gas finally (in 
addition, annealing treatment of the p mold nitride semi-conductor layer has been carried out above 400 
degrees C.). 



[0041] The semi-conductor wafer 100 with which the etching side 130 was made to form and two or 
more island-like nitride semi-conductor layers 102 were formed is used until an interface with the 
silicon on sapphire 101 in which a slot 103 is formed from nitride semi-conductor front-face side 151 of 
RIE (Reactive Ion Etching) is exposed to the semi-conductor wafer 100. In addition, a mask is made to 
form and it is made to have removed after etching so that pn each semi-conductor may be exposed at 
the time of etching. Moreover, the metal electrode is formed in pn each semi-conductor layer by the 
sputtering method as p mold electrode 120 and an n mold electrode 121. In order to take out light from 
silicon-on-sapphire side 152, the electrode prepared on the semi-conductor is made into thickness to 
which nontransparent nature or permeability becomes low to luminescence wavelength ( drawing 1 (A)). 
[0042] After grinding the silicon on sapphire 101 of the formed nitride semi-conductor wafer 100 to 100 
micrometers, the vacuum chuck was used and it was made to fix on the table horizontally which can be 
driven free so that silicon-on-sapphire 101 rear-face side 152 of the semi-conductor wafer 100 may 
turn up (non-** Fig.). 

[0043] By moving a stage by blade engine-speed 30,000rpm and cutting speed 3 mm/sec, 25 
micrometers of **** and a slot with a depth of about 20 micrometers are formed in the base of silicon 
on sapphire 101 almost in all directions to homogeneity, and it considers as a slot 103. If a slot 103 is 
seen from silicon-on-sapphire rear-face side of nitride semi-conductor wafer 101 152, it is made to 
have formed in the magnitude of 300-micrometer angle from which it is formed in the etching side 130 
and abbreviation parallel, and each serves as OPTO semiconductor device 110 after that ( drawing 1 
(EQ). 

[0044] Next, it grinds to rear-face side 152 of silicon on sapphire using a diamond slurry with a mean 
particle diameter [ used as an one side grinder and an abrasive material ] of 3 micrometers, and forms in 
the curved-surface configuration 104 which carries out a lens operation ( drawing 1 (C)). 
[0045] The scribe line 105 is formed in the slot 103 used in order to form the curved-surface 
configuration 104 with a scriber after washing the semi-conductor wafer 100 ( drawing 1 (E)). 
[0046] A load can be applied with a roller (non-** Fig.) along a slot 103, and cutting separation of the 
nitride semi-conductor wafer 100 can be carried out ( drawing 1 (E)). 

[0047] An LED chip can be formed as OPTO semiconductor device 110 of a flip chip mold with the 
curved-surface configuration in which a translucency substrate has the lens effectiveness as mentioned 
above. 

[0048] The example of mounting of this LED chip is shown in drawing 2 . The nitride semi-conductor 
layer 202 fixes to the electrode 207 on the mounting substrate 208 downward the front-face side by : 
which the laminating was carried out using Ag content resin which is the conductive paste 206 as a 
mounting member. The curved-surface configuration 204 formed in the rear-face side of the 
translucency substrate 201 functions as a lens, and the quantity of light of OPTO semiconductor device 
210 becomes available effectively. Moreover, the reflection factor of p mold electrode 220 to 
luminescence wavelength is made high by making Au deposit with a thick film. The luminescence 
wavelength which was suitable caudad among drawing by this, and was emitted from the semi-conductor 
luminous layer also becomes possible [ reflecting with p mold electrode 220 and taking out from an 
OPTO semiconductor device efficiently ]. Moreover, it becomes possible by making low the permeability 
to the luminescence wavelength of p mold electrode to prevent degradation of the mounting member 
206 with the luminescence wavelength emitted from an OPTO semiconductor device. 
[0049] Moreover, optical connectability with an optical fiber 209 can also improve. Furthermore, like 
drawing 7 , since the slot end face serves as a curved-surface configuration, the scribe line 702 which 
shifted from the edge-of-a-blade fang furrow section of a scriber at the time of a scriber drive, and was 
distorted at it is not formed. That is, the scribe line 701 as a request can be formed along the 
circumference of a slot which can guide the edge of a blade of a scriber. Furthermore, in order to use a 
slot also for nitride semi-conductor wafer division, it becomes possible to simplify the process of nitride 
semi-conductor wafer division. 

[0050] (Example 2) The sapphire which is 200 micrometers in thickness and was washed was used as 
the translucency substrate 301, the laminating of the nitride semi-conductor 302 was carried out using 
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the MOCVD method, and the nitride semi-conductor wafer 300 was made to form. After the nitride 
semi-conductor 302 divided the translucency substrate 301, it was made to form as multilayers so that 
it may work as a light emitting device 310 which is an OPTO semiconductor device. First, GaN which 
works as a buffer layer with a thickness of about 200A was made to form by pouring the hydrogen gas 
which is NH3 (ammonia) gas, TMG (trimethylgallium) gas, and carrier gas as material gas in 510 degrees 
C. 

[0051] Next, after stopping the inflow of TMG gas, the GaN layer with a thickness of about 4 
micrometers which works as an n mold contact layer was made to form by mentioning the temperature 
of a reactor to 1 150 degrees C, pouring SiH4 (silane) gas as NH3 (ammonia) gas, TMG gas, and dopant 
gas, and pouring hydrogen gas as carrier gas again. 

[0052] The barrier layer made the undoping InGaN layer with a thickness of about 3nm deposit by 
considering only as carrier gas, once holding the temperature of a reactor at 800 degrees C, and pouring 
- hydrogen gas as material gas the back as NH3 (ammonia) gas, TMG gas, TMI (trimethylindium), and 
carrier gas. 

[0053] In order to make a cladding layer form on a barrier layer, after suspending the inflow of material 
gas and holding the temperature of a reactor at 1050 degrees C, hydrogen gas was formed as Cp2Mg 
(cyclo PENTAJIERUMAGUSHIUMU) gas and carrier gas, and the GaAIN layer with a thickness of about 
0.1 micrometers was made to form as a sink p mold cladding layer as material gas as NH3 (ammonia) gas, 
TMA (trimethylaluminum) gas, TMG gas, and dopant gas. 

[0054] The temperature of a reactor is maintained at 1050 degrees C, hydrogen gas is formed as Cp2Mg 
gas and carrier gas, and the GaN layer with a thickness of about 0.5 micrometers was made to form as a 
sink p mold contact layer as NH3 (ammonia) gas, TMG gas, and dopant gas as material gas finally (in 
addition, annealing treatment of the p mold nitride semi-conductor layer has been carried out above 400 
degrees C.). 

[0055] The semi-conductor wafer 300 with which etched until the interface with the silicon on sapphire 
in which a slot is formed from front-face side where laminating of nitride semi-conductor was carried 
out to semi-conductor wafer 300 by RIE (Reactive Ion Etching) 351 was exposed, and the etching side 
320 was made to form, and two or more island-like nitride semi-conductor layers were formed is used. 
In addition, a mask is made to form and it is made to have removed after etching so that pn each semi- 
conductor may be exposed at the time of etching. Moreover, the electrode is formed in pn each semi- 
conductor layer by the sputtering method as p mold electrode 320 and an n mold electrode 321. In order 
to take out light from a semi-conductor front-face side through p mold electrode 320, Au is made to 
have formed the thickness of p mold electrode 320 thinly with 1000A ( drawing 3 (A)). 
[0056] In this way, after grinding the silicon on sapphire 301 of the formed nitride semi-conductor wafer 
300 to 100 micrometers, the vacuum chuck was used and it was made to fix on the table horizontally 
which can be driven free so that silicon-on-sapphire rear-face side 352 of the semi-conductor wafer 
300 may turn up (non-** Fig.). 

[0057] By moving a stage by blade engine-speed 30,000rpm and cutting speed 3 mm/sec, 25 
micrometers of **** and a slot with a depth of about 20 micrometers are formed in the base of silicon 
on sapphire 301 almost in all directions to homogeneity, and it considers as a slot 303. If a slot 303 is 
seen from silicon-on-sapphire rear-face side of semi-conductor wafer 300 352, it is made to have 
formed in the magnitude of 300-micrometer angle from which it is formed in the etching side 330 and 
abbreviation parallel, and each serves as OPTO semiconductor device 310 after that ( drawing 3 R>~3 
(B)). 

[0058] Next, the curved-surface configuration 304 in which rear-face side 352 of silicon on sapphire 301 
is ground using a diamond slurry with a mean particle diameter [ used as an one side grinder and an 
abrasive material ] of 3 micrometers, and the translucency substrate 301 has the lens effectiveness is 
formed. 

[0059] The reflective film 309 of aluminum is formed with a vacuum deposition method after washing the 
semi-conductor wafer 300 on translucency substrate rear-face side 352 used as the whole rear-face 
surface of a nitride semi-conductor wafer ( drawing 3 (C)). 
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[0060] After formation of the reflective film 309, with a depth of 5 micrometers Blake Rhine 305 is 
formed in the base of a slot 303 by laser radiation ( drawing 3 (D)). 

[0061] Next, the roller to which the load was applied along the slot 303 is run, the semi-conductor wafer 
300 is cut, and the LED chip which is OPTO semiconductor device 310 is made to form ( drawing 3 (E)). 
[0062] Since laser performs formation of a slot 303 and scribe Rhine 305, the cost generated compared 
with things in which a slot is made to form mechanically, such as a scriber, for the variation [ exhausting 
/ a cutter ] of the process tolerance by degradation and edge-of^a-blade exchange can be reduced. 
Moreover, in order to use a slot 303 also for nitride semi-conductor wafer 300 division, it becomes 
possible to reduce the process of semi-conductor wafer division. Furthermore, in order to form Blake 
Rhine on the translucency substrate in which the reflective film was prepared by laser radiation, blinding 
by metals, such as aluminum from which a blade constitutes the reflective film 309 at the time of the 
Blake Rhine formation, is not started. 
. [0063] The example of mounting of this OPTO semiconductor device 410 is shown in drawing 4 . An 
OPTO semiconductor device is mounted on the mounting substrate 408 using mounting members, such 
as an epoxy resin, and mounting is completed by carrying out wire bonding of the electrode of OPTO 
semiconductor device 410, and the external electrode prepared on the mounting substrate 408 (non-** 
Fig.). Since the translucency substrate rear-face side of OPTO semiconductor device 410 has a 
curved-surface configuration, it becomes possible to condense luminescence wavelength efficiently and 
to take out outside. Moreover, the reflective film 409 becomes possible [ reducing degradation of the die 
weld junction material 406 from which the luminescence wavelength from OPTO semiconductor device 
410 or the outside becomes a cause ] in order to reduce the quantity of light which carries out 
incidence to the mounting member 406. Effectiveness is large especially when the OPTOsemiconductor 
device and luminescence wavelength which are used out in the fields are in an ultraviolet-rays region. 
[0064] (Example 1 of a comparison) A polish process was not performed in the example 1, but the LED 
chip was made to form similarly except not having a curved surface. The formed LED chip was 
compared with the LED chip of an example 1 and an example 2. When it compares with the LED chip of 
an example 1, compared with the LED chip of the example 1 of a comparison in which the quantity of 
light of an example 1 does not have a curved surface, it improves by about 1.3 times. When it compares 
with the LED chip of an example 2 similarly, compared with the LED chip of the example 1 of a 
comparison in which the quantity of light of an example 2 does not have a curved surface, it improves by 
about 1.2 times. 

[0065] (Example 3) While making a slot 503 form with laser, the semi-conductor wafer 500 was made to 
form like an example 1 except having made the slot 513 which is not used for division of an OPTO 
semiconductor device form ( drawing 5 -(A)). In addition, making laser (356nm) irradiate by 16 J/cm2 
from YAG laser irradiation equipment, it forms 30 micrometers of ****, and a slot with a depth of about 
5 micrometers in the base of silicon on sapphire 501 in all directions, and is made to have made them 
the slot 503 by moving a stage. It adjusts and a slot 503 is formed so that spacing of the base and front 
face of a semi-conductor stratification plane may become homogeneity mostly within 95 micrometers. 
The slot 513 which is not used for division is made to have formed more shallowly than a slot 503. 
[0066] The curved-surface configuration 504 is formed in a semi-conductor wafer rear face by grinding 
rearH^ce side 552 of the translucency substrate 501. The curved-surface configuration committed as 
four lenses to one of OPTO semiconductor device 510 behind formed of polish is formed ( drawing 5 

(or ~- - - - 

[0067] Next, Blake Rhine 505 is formed only in the base of the slot 503 equivalent to the magnitude of 
OPTO semiconductor device 510. At this time, the depth of Blake Rhine 505 formed by laser is 3 
micrometers. A laser output is adjusted so that it may become above ( drawing 5 (D)). 
[0068] Then, along a slot 503, with a roller, a load is made to act, the semi-conductor wafer 500 is cut, 
and OPTO semiconductor device 510 is separated ( drawing 5 (E)); 

[0069] Since laser performs formation of slots 503 and 513 and Blake Rhine 505, the cost generated for 
the variation [ exhausting / a cutter ] of the process tolerance by-degradation and edge-of-a-blade 
exchange can be reduced. 
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[0070] 

[Effect of the Invention] A substrate rear-face side has a curved-surface configuration, and an OPTO 
semiconductor device can take out conventionally the light which was not able to be taken out to the 
exterior of an OPTO semiconductor device because of critical angle reflection. Or the light which was 
not able to be incorporated can be incorporated now and the efficiency for light utilization of ah OPTO 
semiconductor device improves. 

[0071] By forming the reflective film on a translucency substrate rear face with a curved-surface 
configuration, a translucency substrate rear-face side achieves the same effectiveness as a 
PARABONA antenna to luminescence wavelength or light-receiving wavelength. Therefore; or it takes 
out light from an OPTO semiconductor device efficiently, it becomes possible to incorporate light. 
[0072] Furthermore, when considering as the flip chip mold which turns a semi-conductor stratification 
plane side down, and mounts an OPTO semiconductor device, the substrate rear face of a curved- 
- surface configuration has the effectiveness as a lens. Furthermore, since p mold electrode functions as 
a reflecting mirror, it becomes an OPTO semiconductor device with high luminous efficiency or light- 
receiving effectiveness. 

[0073] By considering as the manufacture approach of this invention, it becomes possible to 
manufacture an OPTO semiconductor device with high efficiency for light utilization simply. 
[0074] Moreover, reduction of the processing cost generated by scribe cutter degradation like before 
and exchange is attained by forming a slot with laser. By dividing a wafer along a slot, it becomes 
possible to obtain comparatively simply the OPTO semiconductor device to which the configuration was 
equal with the sufficient yield. 



[Translation done.] 



* NOTICES* 

JP0 and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing 1 is the mimetic diagram having shown the processing approach of the optical 
semi-conductor wafer in an example 1. 

[Drawing 2] Drawing 2 is the mimetic diagram having shown the example of mounting of the OPTO 
semiconductor device in an example 1. 

[Drawing 3] Drawing 3 is the mimetic diagram having shown the processing approach of the optical 
semi-conductor wafer in an example 2. 

[Drawing 4] Drawing 4 is the mimetic diagram having shown the example of mounting of the OPTO 
semiconductor device in an example 2. 

[Drawing 5] Drawing 5 is the mimetic diagram having shown the processing approach of the optical 
semi-conductor wafer in an example 3. 

[Drawing 6] Drawing 6 is the mimetic diagram having shown the processing approach of the optical 
semi-conductor wafer shown for this invention and a comparison. 

[Drawing 71 Drawing 7 is the typical explanatory view showing one of the effectiveness of this invention. 
[Description of Notations] 
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100,300,500 ... Nitride semi-conductor wafer 

101, 201, 301, 401, 501 ... Translucency substrate 

1 02, 202, 302, 402, 502 ... Nitride semi-conductor 

103 303 ... Slot established in the. translucency substrate ' 

104, 204, 304, 504 ... Curved-surface configuration prepared in the rear-face side of a translucency 
substrate 

105, 305, 505 ... Blake Rhine 

110, 210, 310, 410, 510 ... OPTO semiconductor device 

1 20, 220, 320, 420 ... p mold electrodes 

121, 321, 421 ... n mold electrode 
130 330 ... Etching side 

151, 351, 551 ... The 1st principal plane 

152, 352, 552 ... The 2nd principal plane 

206 406 ... Mounting member 

207 ... Electrode on a mounting substrate 

208 408 ... Mounting substrate 

209 ... Edge of an optical fiber 
309 409 ... Reflective film 

503 ... Slot used for division of an OPTO semiconductor device 

513 ... Slot which is not used for division of an OPTO semiconductor device 

600 ... Semi-conductor wafer 

601 ... Translucency substrate 

602 ... Nitride semi-conductor 

603 ... Slot 

604 ... Scribe Rhine 

610 ... OPTO semiconductor device 

620 ... p mold electrode 

621 ... n mold electrode 

701 ... Scribe line as the request formed along the slot 

702 ... Bent scribe line 



[Translation done.] 
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